The echographic isovolumic contraction time (ICT) of the left ventricle (LV) was measured in order to assess alterations of LV performance in children with various forms of cardiac disease.
SUMMARY The echographic isovolumic contraction time (ICT) of the left ventricle (LV) was measured in order to assess alterations of LV performance in children with various forms of cardiac disease.
The echographic ICT was defined as the interval between coaptation of the anterior and posterior mitral valve leaflets and aortic cusp opening. Four groups of patients were evaluated: normal (48); LV myocardial disease (20); patent ductus arteriosus (PDA) (19); and MEASUREMENTS DERIVED FROM THE ISO-VOLUMIC PHASE of left ventricular systole are sensitive to changes in the inotropic state of the myocardium. 1 The duration of the isovolumic contraction time (ICT) of the left ventricle (LV) is one such measurement, and because of its physiological importance as an expression of the level of myocardial contractility, it would be desirable to have a reliable, noninvasive method of determining the length of the ICT.
The ICT has been "classically" defined from closure of the mitral valve to the onset of LV ejection,2 3 and has been conventionally measured from the simultaneous, rapid speed recording of the electrocardiogram (ECG), the phonocardiogram, and the carotid pulse tracing.2' 3 The mitral component of the first heart sound (M1) has been employed as an index of mitral valve closure and the onset of LV ejection has been determined from the rapid upstroke of the carotid pulse tracing, which must then be corrected for the time delay of pulse transmission. Isovolumic contraction time has also been measured as the interval from the first to the second heart sound, minus the LV ejection time, obtained from the carotid pulse tracing.2A Despite technical difficulties in identifying M1, interest in determination of ICT has continued because the interval is less influenced by conduction abnormalities than are other measures of LV performance.3 Echocardiographically determined motion of the mitral and aortic valves5' 6 has been substituted here for the classical derivation of ICT from phonocardiograms and carotid pulse tracings. The interval from mitral leaflet coaptation to aortic cusp opening was defined as the echocardiographic ICT.
This study was undertaken to measure echographic ICT in normal children and children with cardiac disease primarily affecting the LV, in order to test its sensitivity in detecting alterations of LV function. 751 aortic stenosis (AS) (15). In normal children ICT shortened with decreasing age and increasing heart rate. Isovolumic contraction time was more influenced by heart rate (HR) than age, but the relationship was still weak (r = 0.61). In patients with LV myocardial disease ICT was markedly prolonged, while in children with patent ductus arteriosus and aortic stenosis it was shortened as compared with normal children (P < 0.01).
Methods
Echocardiograms were recorded with a Hoffrel 101B or Unirad 100 series ultrasonoscope, employing either an Aerotech 5.0 MHz, unfocused (6 mm, external diameter) transducer, a 3.5 MHz, unfocused transducer, or a 2.25 MHz (6 mm) transducer, internally focused at 5 cm. The echographic tracing and ECG were recorded on a Cambridge or Irex physiological recorder at a paper speed of 75, 100, or 125 mm/sec. Timelines were 10 or 40 msec. The ECG lead which most clearly demonstrated early ventricular depolarization, usually the Q wave, was chosen for measuring the onset of electrical systole.
The mitral valve echo was obtained from the left sternal border by standard techniques and mitral complexes which demonstrated coaptation of the anterior and posterior leaflets were selected for measurement. The interval from the Q wave of the ECG to coaptation of the mitral leaflets was QMc (figs. 1 and 2). The aortic valve echograms were recorded in the manner previously described by Gramiak and Shah.6 The aortic valve echo had a characteristic boxlike configuration which permitted precise recognition of cusp opening (figs. I and 2). The interval from the Q of the ECG to aortic valve opening was QAo. The intervals QMc and QAo were measured in three to five separate complexes and the mean difference of QAo-QMc was the final echographic ICT. Measurements were made at similar R-R intervals, and the heart rate was calculated to the nearest five beats.
Measurement of the echographic ICT required that QAo and QMc be obtained from different cardiac cycles. Eight patients were studied at the time of cardiac catheterization and simultaneous mitral echograms and LV pressures, employing a micromanometer-tipped catheter, were obtained. The timing of mitral leaflet coaptation was independent of respiration and always occurred at the point of rapid increase in LV intracavitary pressure ( fig. 3 ).
Patients
Four groups of patients were evaluated: normals (48); LV myocardial disease (20); patent ductus arteriosus (PDA) (19) ; aortic stenosis (AS) (15). (table 1) The 48 normal children, age 2 weeks to 18 years, had I± FIGURE 1. Echographic ICT was measured in a patient with mild L V myocardial disease. ICT isovolumic contraction time; QAo -Q wave of ECG to aortic cusp opening; QMc = Q wave of ECG to mitral leaflet coaptation. Timelines at 40 msec. The figure was a composite of mitral and aortic echograms from two different cardiac cycles. ICT = (QA QMMc) = 40 msec.
Normal Subjects
heart rates from 70 to 160 beats/mmn. The children had functional heart murmurs and had been evaluated by a cardiologist. The influence of heart rate and age on the normal ICT was analyzed.
LV Myocardial Disease (table 2) The 20 patients with LV myocardial disease were age 1 month to 14 years and their heart rates ranged from 80 to 150 beats/min. Seventeen children had congestive cardiomyopathy documented by clinical examinations or cardiac catheterization, but three patients (2, 5, 15) had anomalous origin of the left coronary artery from the main pulmonary artery diagnosed at cardiac catheterization. All patients except 14 and 19 were in chronic congestive failure and 13 (3 -5, 8-13, 15 -17, 20) had been treated with digitalis prior to echographic evaluation. Seven patients (1, 4-6, 11, 12, 15, 16) were evaluated sequentially. Patent Ductus Arteriosus (table 2) The 19 children with PDA, ages 1 month to 15 years, had a moderate to large left-to-right shunt as judged from clinical examination or cardiac catheterization. Five patients (2, 3, 6, 7, 9) were in congestive heart failure and had received digitalis and diuretics.
Aortic Stenosis (table 2) Fifteen patients with AS, ages 5 to 19 years, had undergone echocardiographic evaluation. The systolic LVaortic gradient was greater than 35 mm Hg in each child.
Results

Normal Subjects
Although the normal ICT shortened with increasing heart rate and decreasing age, heart rate appeared to be the more (r = 0.45). The correlation was not substantially improved when HR and age were analyzed together (r = 0.63). Thus, the correlations of the groups were based on HR alone. The mean and one standard deviation of the ICT and HR was calculated for each patient group. The mean ICT of the entire normal group was 29 msec (±9 msec) at a mean heart rate of 107 ± 27 ( fig. 5 ).
clinical condition. The ICT of patient 11 diminished from 70 to 40 msec with improvement of congestive failure and the ICT of patient 15 decreased from 100 to 65 msec one month following ligation of an anomalous left coronary artery.
Patent Ductus Arteriosus and Aortic Stenosis
There was marked shortening of ICT in patients with Left Ventricular Myocardial Disease
The mean ICT was 57 msec (± 17) ( fig. 5 ). The mean heart rate was 122 ± 24. The lengthening of ICT as compared to normal children was significant at P < 0.005 by the Student's t-test. At any heart rate the ICT in LV myocardial disease was far above the normal regression for normal children (fig. 4 ). The ICT of five children evaluated sequentially remained unaltered and corresponded to a static 13  14  120  36  14  14  100  30  15  15  135  25  16  16  150  20  17   36  100  40  18  54  90  28  19  60  100  47  20  62  90  25  21  62  90  33  22  66  100  37  23  66  100  25  24  72  150  35  25  72   100  25  26  84  90  27  27   84  70  40   28  96  120  25  29  108  95  40  30  108  105  35  31  108  80  40  32  120  80  43  33  120  90  35  34  120  100  30  35   144  100   37   36  144  95  50   37  146  95  25  38  156   95  35  39  156  70  35  40  168  100  39   41  168  70  31  42  170  70  45  43  180  80   23   44   180  70  31  45  192  70  35  46  192  75  27  47  216  95  30  48  228  95  25 Abbreviations: HR = heart rate; ICT = isovolumic contraction time. PDA whose mean value was 13 msec (±5 msec) ( fig. 5 ). The mean heart rate was 125 ± 26. The ICT for each child, regardless of heart rate, was below the normal regression line ( fig. 4 ). The results in the five children with CHF were not different from the remainder of the group with PDA. Shortening of ICT occurred in children with AS to a mean of 22 msec (±6) ( fig. 5 ) at a mean heart rate of 94 ± 12 msec. The changes in ICT for patients with PDA and AS were significant (P < 0.01) when compared to normal values.
Heart rate was not considered when the ICT of the patient groups were compared by Student's t-test. Utilizing our regression equation it could be seen there were vast differences between normal children and those with PDA and LV myocardial disease when analyzed as groups. The less striking difference between AS and normal children would have been even more significant if HR had been considered. The HR of children with AS was slower than that of our normal children and their ICT should have been prolonged if only HR had been the chief modifying influence.
Discussion
The confusion surrounding the measurement of ICT has resulted from the several definitions of ICT presently used and the many techniques available for its determination.2 There has been general agreement that ICT ends with opening of the aortic valve and ejection of blood into the aorta. The exact onset of the ICT has not been agreed upon and three distinct intervals have been defined, based upon different initial points.2
One definition of ICT is the period from the onset of the rise of the LV pressure curve to the point at which the aortic pressure curve intersects the LV curve. This interval has been measured from the initial ventricular deflection of the kineto-cardiogram to ejection point.2 Another definition, using the apexcardiogram, is the period from the earliest detectable LV movement to ejection.2 Because these methods analyzed events which precede mitral valve closure as the onset of ICT, the time measured was greater than the "'classical ICT."2 In addition, apex-and kinetocardiograms are difficult to perform in infants and have not enjoyed widespread application. In fact, indirect arterial pulse tracings as well as high quality phonocardiograms, on which the third, "classical" definition of ICT is based, can be difficult to record in children.
The echocardiogram has provided a reliable, sensitive, noninvasive method of delineating mitral leaflet coaptation and aortic valve opening.5 I Because of the constancy of QMc in our study at stable heart rates and because of the known constancy of LV systolic time intervals,8 the echographic ICT could be determined from different cardiac cycles of similar R-R intervals.
Our definition of the echographic ICT as the time from mitral leaflet coaptation to aortic valve opening was analogous to the "classic" definition of ICT and our mean value of 29 msec corresponded closely to the mean reported values in normal children of 26.0 msec4 and normal adults of 39.0 msec.2 Contrary to other reports,4' 9 our data indicated that heart rate was a more significant factor than was age, although neither heart rate nor age were strongly correlated with ICT (r = 0.61 and 0.45, respectively). The principle determinants of the duration of ICT have been described as 1) contractile state of the myocardium; 2) preload or LV end-diastolic volume (LVEDV) or pressure; and 3) afterload or aortic diastolic pressure.8' 10 Depressed myocardial contractility prolonged ICT, whereas enhanced contractility, increased LVEDV, and decreased aortic diastolic pressure shortened ICT.3' 10 Our patients with LV myocardial disease have depressed contractility, reflected by marked prolongation of ICT, while patients with AS have enhanced contractility, reflected by shortened ICT.
Patent ductus arteriosus produced reduced aortic diastolic pressure and increased LVEDV. Each hemodynamic factor acted to decrease ICT when operating by itself, and when operating together there was a more marked reduction of ICT. Patients with PDA and congestive failure also had shortened ICT and it has been suggested that in PDA depressed myocardial contractility was of less importance in the genesis of congestive failure than the increased LVEDV and reduced afterload. 11 This method may be useful in directly assessing the myocardial state in the presence of LV conduction abnormalities. The LV pre-ejection period (PEP) may be prolonged in patients with left bundle branch block (LBBB) in the absence of LV function impairment.' We have had the opportunity of measuring the ICT in two children with congenital LBBB and the ICT was normal despite prolongation of PEP.
In our study we have demonstrated that the echographic ICT could be measured from the aortic and mitral echograms, that the normal echographic ICT approximated normal values measured by other techniques, and that it was sensitive to hemodynamic and contractile alteration in patients with cardiac disease affecting the LV. This echographic measurement should provide a valid assessment of the contractile state of the left ventricle and should be suitable for the serial, noninvasive evaluation of patients with left ventricular myocardial disease. re-elevation of STVM was observed in patients who developed pericarditis, and a significant late average increase of 64 AV occurred in survivors with infarct extension. In contrast, STVM underwent a major increase in patients who died. In five of these six patients without associated pericarditis a mean increase of 164 ,uV was recorded in the last 5-12 hours of life. While death was clinically predictable in two patients with cardiogenic shock, it was not so for the four other patients who died. Thus, major increases in STVM frequently suggested significant new ischemic injury and were often premonitory to sudden death after AMI. The increases preceding death implied that not only ventricular ectopy but also lethal conduction abnormalities after AMI might be ischemia-related.
ST-segment Variations after Acute Myocardial Infarction
ST segment in the standard 12 lead electrocardiogram has shown a strong correlation between major elevation and numerous hemodynamic and arrhythmic complications after AMI7, 8 With each of these electrocardiographic methods data have been obtainable only intermittently, thus limiting the amount of ST-segment information available. Recently we have used a method for continuous recording of the modified Frank X, Y and Z vectorcardiographic (VCG) leads in order to analyze arrhythmias and the ST-segment vector magnitude (STVM).9 This has allowed for multiple, serial, rapid determinations of STVM, and our previous studies have shown a good correlation between STVM and ZST obtained from 35 lead precordial maps (N = 51, r = 0.818). 10 We employed this VCG system in a study of patients with AMI in whom we followed serial changes in STVM to characterize what ST-segment alterations were associated with infarct resolution and extension as well as with death after AMI. Normal values for STVM were determined and changes due to pericarditis were examined.
